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SUMMARY 
The purpose of this investigation is the determination of the 
effect of certain parameters on wing loads in symmetrical maneuvers in 
order to improve the accuracy of wing loads reduced from flight data. 
The parameters considered are speed, power, angle of attack, rate of 
change of angle of attack, pitching velocity, pitching acceleration, 
and flutter,, 
The effect of these parameters was investigated on loads re-
corded by strain gages! during a series of push-pull, or roller coaster, 
maneuvers performed throughout a considerable speed range at a constant 
altitude by a Lockheed C-130B airplane. The investigation consisted of 
determining the effect of each parameter then examining the test data 
to find the magnitude of each effect. Propeller loads for the test con-
ditions were calculated from wind tunnel data0 The effects of the other 
variables were described on the basis of previous knowledge. The test 
data were examined to determine the magnitude of each effect on the 
total load versus load factor and on the zero-g and additional air loads. 
The accuracy of the "slope-intercept" method of analyzing wing loads was 
investigated in the light of these findings. 
The data for this work were recorded on a Lockheed C-130B air-
plane as it performed roller coasters between load factors of - 0010 
and lo94 (extreme values attained) at equivalent air speeds between 143 
and 338 knots at an altitude of approximately 10,000 feeto 
xi 
The air loads were found to vary versus dynamic pressure and 
angle of attack with sufficient linearity to permit extrapolation to 
zero airspeed and to higher angles of attack and speeds, as done in 
the "slope-intercept" method of load analysis» This method has been 
applied to both straight wing, subsonic and supersonic, and swept wing 
airplanes with some success. No parameters,, other than those noted, 
need be considered in computing total loadj however., power effects 
should be evaluated before comparison of the loads with airload dis-
tributions or wind tunnel data for propellers off. Rate of change of 
angle of attack, pitching velocity, and flutter have a negligible 
effect on the final results for the C-130B airplane. Pitching accel-
eration was too small to be detected. 
CHAPTER I 
INTRODUCTION 
The analysis of wing loads recorded in symmetrical flight 
maneuvers requires the examination of loads from several maneuvers 
to find the variation of load with acceleration, airplane weight, wing 
inertia, and speed. The loads are extrapolated to flight conditions 
at higher speeds and higher accelerations and compared to the strength 
of the airplane to determine whether the airplane may be safely flown 
to the extrapolated conditions. This procedure is necessary because 
actual flight loads are sometimes greater than loads calculated from 
wind tunnel data. 
The flight conditions for these maneuvers must be described in 
terms of the aerodynamic conditions (airspeed, altitude, etc.), accel-
erations, airplane and fuel weight, and power» Also, the effects of 
these variables on the wing loads must be evaluated. This paper pre-
sents an investigation of the magnitude of the loads caused by these 
variables in order to improve the accuracy of the analysis of wing loads 
recorded in flight, 
Howland and Buzzetti (Reference l) describe a technique of 
analyzing wing loads recorded with the use of strain gages. The analy-
sis presented here employs the same technique, which will hereafter be 
called the "slope-intercept" method. By use of this method the wing 
air loads are separated into air loads at zero load factor (zero-g or 
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weightless condition) and unit additional air loads (incremental air 
load per pound of nW--load. factor times airplane gross weight). These 
are expressed as shear, bending moment and torsion due to loads out-
board of the strain gage stations. Reference 2 describes the calibra-
tion of the strain gages for the measurement of flight loads. 
Assumptions implicit in the slope-intercept method are: 
1. The primary parameters for defining wing loads, nW and air-
speed, have the following effects: 
a. Wing loads are linear with nW. 
b. Wing air loads at zero load factor may be extra-
polated to zero air speed with no significant error. 
2. The effects of the secondary parameters, such as power, 
pitching velocity, and pitching acceleration, are insignificant, or 
they are eliminated by averaging the increasing-g and decreasing-g 
loads in the push-pull maneuver. 
Airframe manufacturers and government agencies have used the 
slope-intercept method of analysis for several years, apparently with 
success. The accessible technical papers that mention this method 
only state the first assumption! they do not present analyses of the 
method or justify the second assumption.. 
In using the slope-intercept method the writer and his asso-
ciates have asked many questions concerning the validity of the 
assumptions: Can the air loads at zero load factor be extrapolated to 
zero air speed without significant errors? What effect does power have 
on the loads--are air loads on the propeller-plus-nacelle great enough 
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to invalidate the design assumption that all air loads are on the wing? 
Are transient effects large enough to affect the loads? 
Some variations observed in the results obtained from the slope-
intercept method have been attributed to the normal scatter of flight 
test data; however, no literature has been discovered that gives the 
extent to which the slope-intercept method itself may contribute toward 
these variations. Various papers on the measurement of flight loads 
are listed as References 3 through 6. 
The purpose of this investigation is to show the effect of cer-
tain flight parameters on wing loads* These parameters are speed, power, 
angle of attack, rate of change of angle of attack, pitching velocity, 
pitching acceleration, and flutter; each parameter to be investigated 
separately. This analysis extends the approach found in the literature 
by giving a method of evaluating the effect of the parameters noted 
above and by showing an example of the effects of these parameters on 
wing loads recorded in symmetrical flight maneuvers. 
The loads for this investigation are recorded with the use of 
strain gages. The test maneuver is the "roller coaster," a symmetrical 
flight maneuver with no abrupt control motions. Since the writer has 
access to data recorded on the Lockheed C-130B he will analyze the data 
obtained during one series of test maneuvers performed by this airplane. 
Flight test data on the C-130A and the C-130B are given in References 
7, 8, and 9. Aerodynamic and weight data on the C-130B are given in 
References 10 and 11. 
CHAPTER II 
METHOD OF ANALYSIS 
Purpose of Measuring Wing Loads 
The purpose of measuring wing loads is to determine the differ-
ence between the actual and the theoretical spanwise air load distribu-
tions on the wing0 The results of the measurements are compared to wind 
tunnel or calculated spanwise distributions, or they are extrapolated to 
the desired weight, speed, and load factor for comparison with wing 
strength or design loads. 
Test Maneuver 
In order to provide wing loads for analysis the test maneuver 
must cover a sufficient range of load factor and speed to permit the 
extrapolation of loads to the design maneuver points, the spanwise 
air loading at these points being the ones of primary interest,, The 
airplane gross weight, center of gravity, fuel loadingjand flight alti-
tude should be maintained as near constant as possible to eliminate 
load variations due to changes in any of these parameters. The maneu-
vers should be performed smoothly to eliminate any transients or load 
distributions caused by abrupt motions. The maneuvers must be per-
formed as quickly as possible to reduce speed changes during the ma-
neuver. Within these requirements and limitations the most satis-
factory maneuver is the "roller coaster." 
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The roller coaster is performed as a push-down to near zero 
g's (weightless condition) followed by a pull-up to the desired load 
factor and a recovery to unaccelerated flight. The desired load factor 
may be 2.0 for a bomber or transport airplane and 3.0 or more for a 
fighter or a trainer. The control motions should be smooth enough to 
reduce the effects of transients yet fast enough to minimize the speed 
change. A sample^time history of a roller coaster is shown in Figure 1, 
The maneuver is usually performed in four to ten seconds. Note 
that in Figure 1 neither the elevator motion nor the load factor is 
sinusoidal. The usual procedure is for the pilot to push the control 
column forward to cause the airplane to nose over. When the load factor 
is about 0.1 above the desired minimum the pilot pulls the control col-
umn back smoothly to stop the push-over and start the pull-up. Every 
maneuver will be a little different from every other because the con-
trol forces and the airplane response change with speed and because 
the pilot is human. 
This single maneuver provides loads throughout a range of load 
factors at one speed and for constant airplane gross weight, center of 
gravity, fuel distribution, power, and altitude. A series of roller 
coasters throughout the speed range can be performed in a few minutes, 
keeping changes due to fuel consumption low. 
The roller coaster maneuver may be used throughout the speed 
and load factor range of any airplane unless limited by stall, pitch-
up, buffet, or by temperature differentials between parts of the 
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Figure 1. Time History of a Roller Coaster 
Maneuver 
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Methods of Measurement 
Total wing loads are measured with strain gages attached to the 
structure at several spanwise locations. Hie gages are installed, com-
bined electrically and calibrated to respond linearly to the shear, bend-
ing moment, and torsion at each gage location (wing station). 
The strain gages are usually bonded to the web and caps of each 
major spanwise beam, as shown in Figure 2(a). The gages are sensitive 
to strain in the lengthwise direction,, They are relatively insensitive 
to transverse strain. The gages on the caps are sensitive to axial loads 
in the beam caps. They are wired into a Wheats tone bridge, as shown 
schematically in Figure 2(b), to respond to the vertical bending on the 
beam. The gages on the web are wired to respond to shear. In a wing 
structure with two or more beams the outputs of shear bridges on two 
beams are added electrically to respond to wing shear, subtracted to 
respond to torsion. While this type of installation is common, it is 
not the only one. Gages are installed in the upper and lower skin, 
for example, to record torsion or bending. They may be attached to the 
outside of the wing as well as to the inside. Gages installed in a 
swept wing respond linearly to externally applied loads just as in a 
straight wing. The types of installations are limited by the types of 
wing structure, the ingenuity of the engineer, and the ratio of strain 
bridge output to the background noise of the electrical circuits. The 
most satisfactory installation is in a uniform structure that responds 
linearly to loads. This calls for shear resistant webs and for the 




Figure 2. Strain Gage Installation 
radii, etc. The strain gages on the Lockheed C-130B wing are installed 
at five spanwise stations, as shown in Figure 3. 
Strain gage bridges respond to loads applied to the wing outboard 
of the gage station* hence the spanwise and chordwise centers of pres-
sure of the entire surface may be obtained from the shear, bending mo-
ment, and torsion at a single gage station at the wing root. Gages are 
usually installed at additional spanwise stations to furnish data for 
determining the shape of the spanwise loading distribution. One measure 
of the accuracy is the agreement of the bending moment data points to a 
spanwise integration of a curve passing through or near the shear points, 
The nearer the shear curve and its integral approach the data points, 
the better the data. 
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No. 3 Nacelle 
WS 196 
No. 4 Nacelle 
WS 400 
r|\ FS 379.8 Propeller Plane 
N-Edge of Fuselage 
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Right Wing Shown 
WS 
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Strain Gage Stations: 
O Shear.', Bending, and Torsion (Wing) 
A Bending (Nacelles) 
Calibration Loading Points: X 
Fuel Tanks ! I 
Figure 3. C-130B Wing Geometry and Strain Gage Stations 
The number of gage stations is dictated by the need for dataa 
A large number of gage stations are required on a new design being 
tested for the first time or on an existing wing where the addition 
of external stores, nacelles, etc., may cause local changes in the air 
load distribution. A small number of stations may furnish sufficient 
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data on a modification to an existing design where the aerodynamic 
shape is unchanged. 
The bridges are calibrated by the application of point loads, 
applied singly, at several spanwise and chordwise locations and by the 
.reading and plotting of the bridge outputs. The loading points are 
usually along two or more major beams in the wing at intersections with 
relatively heavy ribs. Usually pads are used to distribute a load along 
a beam. Also, auxiliary jigs are used to permit loads centered between 
the beams to be applied to the beams. These methods allow higher cali-
brating loads without structural damage than would be possible at weaker 
or single points in the structure. Additional loads may be applied to 
propeller shafts, engine mounts, and flap surfaces as desired. Typical 
loading points are shown in Figure 3. 
The calibrating loads are applied in increments, 20 per cent for 
example, up to the maximum with the load stabilized and readings taken 
of all bridges at each increment. After the 100 per cent reading is 
taken the load is increased about 5 per cent, then reduced to 100 per 
cent and a "decreasing load" reading taken. The load is decreased to 
zero in similar decrements with readings at stabilized loads on the way 
down. This procedure assures the same number of readings for decreasing 
load as for increasing load. No readings are taken at zero load as re-
sidual stresses frequently cause erratic readings at this point. 
The response of each bridge for each loading point is determined 
by plotting the electrical output versus the load and taking the least-
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Figure 4. Bridge Output Versus Applied Load 
but does not establish the bridge output for zero loads A sample plot 
is shown in Figure 4, above. 
The sensitivity of strain bridges to the spanwise and chordwise 
position of the load is determined by plotting the electrical output, 
in millivolts per volt (or current applied to the circuit) per thousand 
pounds of load, versus wing station and fuselage station, as shown in 
Figure 50 This figure shows the response of shear bridges and moment 
bridges versus wing station and of a shear bridge versus fuselage sta-
tion0 These plots show that each bridge may be affected by both span-
wise and chordwise variations in the center of pressure. The unwanted 
effects may be eliminated by combining the outputs of two or more bridges. 
In the case of the shear bridges in Figure 5(a) these effects may be 
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Figure 5„ Influence Coefficient Plots 
13 
adding the outputs from shear bridges on both the front and rear beams. 
The output of the final combination is shown in Figure 5(d). 
For a small number of bridges these corrections, or attenuations, 
can be made easily with hand calculations. For the Lockheed C-130B wing, 
with five spanwise stations, with gages on front and rear beams, with 
sufficient gages to allow combinations of bridges for removing unwanted 
effects., and with a full set of spare gages., hand calculations are im-
practical and machine methods must be used. The C-130B calibration was 
made using the method of Reference 2„ The procedures were the same as 
those described for the C-130A calibration in Reference 12. No calibra-
tion report was written for the C-130B. 
The nacelle strain gage installation consists of gages bonded to 
members of the engine mount truss. These gages respond to axial loads 
in the members to which they are attached. Calibration consists of 
applying vertical loads to a structural ring in the nacelle and calcu-
lating the bridge response by hand (see Reference 2). 
The strain bridge outputs are recorded by use of recording 
oscillographs. 
Accuracy of the Data 
The overall accuracy of the data depends on the accuracy of 
each part of the system--the strain bridges, the recording system, and 
the data reduction. 
The strain bridges are the only part of the system in which the 
probable error is evaluated mathematically. It is based on the devia-
tion of the slope of the electrical response of each calibrating load 
14 
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from the mean, as described in Reference 2. The following tabulation 
of probable error for the wing strain bridges of the Lockheed C-130B 
test airplane are taken from unpublished calibration data. 








An examination of the averages shows that shear and bending mo-
ment are more accurate than torsion, verifying the writer's experience. 
The torsion at WS 357 would have less error if the nacelle load effect 
were ignored. 
The recording system consists of the oscillograph, the balance 
and junction boxes, the power supply, and the wiring connecting these 
parts to each other and to the strain gages. The main sources of error 
within this system may be errors in the calibration resistors, voltage 
fluctuations, resistance errors due to the long wires to the strain 
gages, non-linearity and poor damping Df the galvanometers, and gal-
vanometer vibrations caused by the oscillograph shaking. The accuracy 
of the recording system has not been established in the precise manner 
used for strain gages. The Instrumentation Department of Lockheed's 
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Engineering Flight Test Division considers the overall accuracy of the 
recording system to be two per cent. 
The data reduction consists of establishing the sensitivity of 
the trace on the paper record, reading the deflection from a convenient 
reference, and converting the deflections to loads. The sensitivity is 
determined by the height of the calibrate step. This step is caused by 
the addition of a known resistance into the strain bridge circuit and is 
equal to the trace deflection caused by a predetermined loado The load 
per inch of the trace is this predetermined load divided by the step 
height in inches. 
The reading accuracy for this procedure has been estimated as 
± O.Ol inch for the step height and ± 0.04 inch for the trace position 
by the Data Reduction Group of the Engineering Flight Test Division. 
The step height can be read more accurately because the lines involved 
are flat and smooth. The trace position is more difficult to read be-
cause of the continual oscillations at 40 to 70 cycles per second due 
to the propeller passage frequency and the vibration of miscellaneous 
masses in the airplane and because of the steepness of the trace at 
various times. Another source of error is the variation of the step 
height throughout the flight, usually 0.02 inch or less, from the value 
used for calculating the trace sensitivities„ 
The average step height is one inch, so the relative accuracies 
of reading and step height variation are one and two per cent, respec-
tively. The average double amplitude of trace deflection in a roller 
coaster is two inches, giving two per cent accuracy in the trace 






Figure 6. Oscillograph Record 
A rough approximation of the total slope error is calculated 
as the square root of the sum of the squares of the errors of the parts-' 
strain bridges, recording system, reading errors, and step height varia-
tions o 
E(# = J (I)2 + (2)2 + (l)2 + (2)2 + (2)2 
= 4 % . 
This value is an approximation for use in evaluating certain 
parameters discussed later in this paper. It is not a statistical study 
of the accuracy of flight test data. 
Data Recorded in Flight 
The data recorded in flight are: 
lo Flight conditions: airspeed, altitude, free air temperature, 
and load factor at the airplane center of gravity. 
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2. Engine data: (for each engine) torque, turbine rpm, tur-
bine inlet temperature, and total fuel consumed. 
3. Wing loads: vertical shear, vertical bending moment, and 
torsion about an arbitrary axis for loads outboard of a wing station 
where the strain gages are located. Strain gages are located at five 
stations on the right wing. More strain gage stations on the wing 
would improve the spanwise picture of the loads as well as reduce the 
reliance that must be placed on the accuracy and linearity of each 
bridge, particularly near the wing root. 
4. Nacelle loads: vertical bending moment at the root of the 
nacelle for loads forward of the strain gages. Strain gages are in-
stalled on both nacelles attached to the right wing. 
5. Empennage loads, control surface positions and hinge moments, 
accelerations at numerous locations throughout the airplane, angles of 
attack and sideslip. These are recorded in the evaluation of other 
maneuvers and for back-up information to aid in the explanation of unex-
pected phenomenao 
The flight conditions are measured with standard type equipment„ 
The aneroid instruments are connected to ports on the tip of a boom as 
far away from disturbing airflow as possible. On the C-130B the boom is 
located on the right wingtip with the pressure ports about one chord 
length ahead of the leading edge of the wing. The accelerometer is lo-
cated on the front beam of the wing at the airplane centerline. This is 
within five inches, fore and aft, of the airplane center of gravity,, 
The engine data are recorded by standard tachometers, torque meters, 
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and by integrating flow meters.. The fuel aboard is the measured amount 
at engine start less the fuel consumed,, 
Method of Analysis 
The purpose of analyzing flight test loads is to express them in 
a form suitable for further calculations. These calculations include 
comparison to theoretical loads and extrapolation to higher speeds and 
load factors. The form of the data must account for the effects of all 
significant variables,, 
The forms adopted for this task are the "unit additional air load" 
and the "zero-g air load" shear, bending moment, and torsion. The unit 
additional air load is the additional air load per pound of airplane nW. 
The zero-g air load, selfexplanatory, is the basic air load plus enough 
positive additional air load to equal the down air load on the fuselage 
and the tail, balancing the total vertical air load to zero, as shown in 
Figure 7. The additional air load part of the zero-g air load equals 
the magnitude of the fuselage and tail air load. 
The total air load is expressed as: 
where 
L = L + \ , • nW (l) 
n=o nW ' 
L = Zero-g air load 
n^o 
_L_ = Unit additional air load 
nW 
While these air loads are not directly comparable with the customary 
spanwise lift distributions, the spanwise distributions may be integrated 
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t t ^ — y — § 
L + L_ + LT = 0 w F T 
Basic-
Figure 7. Air Loads at Zero-g 
and converted to the same dimensions as the flight loads for compar-
ison o 
Another problem affecting the method of analysis is the poor re-
peatability of a ground static reading corrected for inertia. This zero 
shift has been attributed to residual stresses caused by temperature 
differences between various parts of the structure, fabrication methods,, 
slippage between parts, etc 
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The solution is to plot recorded loads versus load factor, re-
membering that the loads are read from an arbitrary reference line. 
This is done for each data trace for each roller coaster,, and the loads 
are extrapolated to zero-g where the inertia becomes zero and only air 
load remains. A sample plot of load versus load factor is shown in 
Figure 8. These zero-g points are plotted versus dynamic pressure and 
extrapolated to zero dynamic pressure where the air load becomes zero. 
Since air and inertia loads are the only forces involved, this intercept 
at zero-g and zero dynamic pressure defines the zero load reading on the 
arbitrary scale. All readings are corrected to refer to this point, as 
shown in Figure 9. 
The load per 9(T~) is converted into unit additional air load 
/ AL \ 
( T ~ W by "the removal of the inertia from the total load per g and by 
division by the gross weight<, 
AL AL 
An AnW + Li 
or 
^ - = (& - L ) i (2) 
AnW VAn Li) W ^} 
Li = Lwi + Lif + Lof (3> 
where subscript i = unit inertia of wing plus fuel, 
wi = unit inertia of wing alone, 
if = unit inertia of fuel in inboard tank, and 
of = unit inertia of fuel in outboard tank. 
The static balance of the airplane is expressed in coefficient 
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1. All coefficients are based on the wing area, S. 
2o Distances forward of the aerodynamic center are positive. 
3o Moment is taken about the aerodynamic center of the airplane 
minus tailo 
4. The center of lift on the horizontal tail is close enough to 
the quarter-chord point of the mean aerodynamic chord of the horizontal 
tailj ("c/4)̂ , so that no significant error is introduced by the use of 
this point. 
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'a - t 
m a-t £ 
e 
( c / 4 ) t 




2 C = 0 , C + c + ^ f = o 
V t zt qS 
(4) 
E C = 0 , C + C 
m AC a- t t °w 
= t - a » • x = o 
c... qS 
(s) 
c _ -L fnW . C • c ) 
m , w 
a- t 
(6) 
where X is the distance from the airplane center of gravity to the 
aerodynamic center of the .airplane minus tail. 
Combining C - —r ( 1 - — - U 
y •»• q S • \ 1 , / Vt qS
At n = 0 this becomes 
C 
z .) m , ) 1, 
a-t/n=o a-t/n-=o t 
• ^ = 0 . 
-r- = 0 . 
(7) 
(8) 
The additional air load coefficients are 
Wad qS -l(-f) = o. (9) 
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Equation (9) shows that the additional air load varies directly with 
the distance from the center of gravity to the aerodynamic center of 
the airplane minus tail. With this equation and the total additional 
air load at the center of gravity position one can obtain the corre-
sponding air load at any other center of gravity. The air load and 
pitching moment coefficients on the airplane minus tail may be divided 
as fo l lows: 
C = C + C + C + C + C (10) 
z , z z z z zr 
a - t w n p ss f 
C = C + C + C + C + C ( l l ) 
m m m m m mr 
a - t w n p ss f 
where the subscripts signify: 
w = Wing (less effect of slipstream), 
n = Nacelle, 
p = Propeller, 
ss = Slipstream (effect on the wing), and 
f = Fuselage , 
The measured wing airloads and moments are the sums of the first 
four terms on the right-hand side of Equations (10) and (ll) that act 
on the wing outboard of the strain gage station at which they are 
measured. The nacelle bending moments include the sum of the effects 
of the second and third terms on the right-hand side. Fuselage loads 
are not measured directly., 
Use of this method requires several roller coasters throughout 
a large enough speed range to establish a curve of zero-g air load 
25 
versus dynamic pressure and a low enough minimum speed to permit extra-
polation of the zero-g air load to zero airspeed without the likelihood 
of significant error0 The definitions of satisfactory speed ranges, 
minimum speed and of acceptable error are, at present, matters of expe-
rience and judgment. They are not within the scope of this investiga-
tion0 
Analysis of the Effect of Various Parameters 
Basis for the Selection of Parameters;--Each parameter that varies 
during one series of roller coasters is examined to determine the nature 
of its effect on wing air loads and the desirability of further examina-
tion,, 
Gross Weight.--The total lift on the airplane is a direct function of 
the gross weight. This effect is discussed under Angle of.Attack. 
The change in gross weight from one maneuver to another is 
accounted for in the method of analysis by using the exact weight during 
each maneuver for the calculations involving that maneuver. The weight 
change during a maneuver at the hypothetical fuel consumption of 10,000 
pounds per hour in a roller coaster of six seconds duration is 17 pounds, 
hence insignificant for any existing airplane. 
If the weight change during a series of roller coasters appears 
sufficiently large, in the engineer's judgment, to affect the lift 
distribution the effect can be proved by a set of roller coasters 
starting at a much higher (or lower) gross weight than the first 
set, 
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Center of Gravity.--During one set of roller coasters the center of 
gravity will shift if the center of gravity of the fuel consumed is 
different from that of the gross weight of the airplane. The effect 
of this shift on the wing load can be evaluated from the loads recorded 
in a second set of roller coasters, the center of gravity for the second 
set at either extreme forward or extreme aft position, whichever is far-
ther from that of the first set. 
Since one set of roller coasters is insufficient to evaluate the 
effect of center of gravity position, this effect is not investigated 
further. 
Altitude.--Although the altitude should be constant for all roller 
coasters of one series, it does vary from one maneuver to the next, 
particularly at high speeds which can be attained only by diving. The 
writer's experience has been that the variation is usually less than 
± 500 feet. One exception should be noted in the test data of Table 2. 
The effect of this altitude change may be evaluated by comparing 
loads from roller coasters performed at altitudes different by several 
thousand feet- As this requires two sets of roller coasters it is be-
yond the scope of this study* 
Angle of Attack.--Wing and total airplane lift vary with angle of attack, 
the variation being approximately linear except when separation occurs. 
This linear variation appears in wing shear, bending moment, and torsion 
at various span stations as a straight line slope of these items versus 
angle of attack,, 
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Actually angle of attack is not a satisfactory parameter because 
of insufficient accuracy of measurement at high speeds and inconvenience 
in calculations. The angle of attack is measured by an electrical de-
vice sensitive to the angular position of a shaft on which a vane is 
mounted. The whole assembly is mounted approximately one chord length 
ahead of the right wing tip. The accuracy, estimated by the Instru-
mentation Department of Engineering Flight Test, is ± 0.5 degree. It 
is easy to see that this wing tip angle of attack may not be sufficiently 
accurate for establishing a lift curve slope from data taken at high 
speeds* It is sufficient to establish the existence of wing twist ver-
sus speed where the angular variations are in the order of degrees. 
The load factor measurements are estimated by the same organization to 
be within 0.1 g. Over a range of two g this is ten per cent of the 
total ranges however the fairing of the data points may be expected to 
reduce the probable error to a much lower value, 
Wing lofetts are linear with angle of attack, as is weight times 
load factor (nW). Since they are linear with respect to the same 
variable,, they are linear with respect to each other. Use of load 
factor times weight instead of angle of attack shortens the calculations 
and improves the accuracy* 
The linearity is investigated by determining the variation of 
the measured loads versus load factor. 
Speed.--The effect of speed appears in the basic air load as a linear 
variation of the load with dynamic pressure so long as the terms of 
Equation (8) are constant,, 
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If the terms of Equation (9) are linear versus angle of attack 
the unit additional air load is constant versus speed. 
Pitch Angle, Longitudinal Acceleration, and Change in Velocity During 
a Maneuver.--These parameters are not investigated as neither pitch 
angle nor longitudinal acceleration are available, and lag in the air-
speed system prevented instrument response to the change in velocity. 
Elevator Position and Motion.--Before the effect of elevator position 
and motion on the wing loads is evaluated the effect of these parameters 
on the tail load must be evaluated. Since no data are available for 
this analysis no further investigation is made. 
Rate of Change of Angle of Attack.--Any change in wing air load due to 
rate of change of angle of attack (a - ~7r) appears on the load versus 
load factor plots as a separation of the "+cc" points from the " - a " 
points,, causing a line connecting time-consecutive points to form a 
loop0 Interpolation between these points to obtain the load at zero a 
will eliminate this parameter from the data. 
Pitching Velocity.--The pitching velocity affects the elevator deflec-
tion required to produce a given tail load but has no effect on the 
tail load required to balance the airplane. Consequently it has no 
effect on the wing load. 
The gyroscopic loads from the engine and propeller due to 
pitching velocity act in the horizontal plane only» 
Pitching Acceleration.--Pitching acceleration is caused by the amount 
of horizontal tail load different from that required to balance the 
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airplane and satisfy Equation (5). This incremental tail load causes 
a change in the load factor for a given airplane-minus-tail air load 
indicated by Equation (4)„ This unbalance appears on the load versus 
load factor plots as a low wing load for a given load factor in nega-
tive pitching acceleration (positive incremental tail load) and a high 
wing load for positive pitching acceleration. These would normally 
occur in the push-over and pull-out parts of the roller coaster, re-
spectively. The deviation from normal is proportional to the pitching 
acceleration.o 
Also, wing and nacelle loads may be affected by the pitching 
acceleration of large mass items some distance from the center of 
gravity of the airplane. 
Proper evaluation of the effect of pitching acceleration re-
quires sufficient accelerometers to measure this acceleration. Since 
the C-130B was not instrumented for this, any evaluation must be on 
the basis of estimated accelerations.. 
Flutter.--Flutter will appear as a load oscillation superimposed on 
the load due to load factor,, If the flutter oscillation is at the 
same frequency as the roller coaster the loads due to these two causes 
are inseparable and this method of analyzing wing loads is impractical. 
The flutter load appears as a large loop in the load versus load factor 
plot. The loops vary from one roller coaster to the next as the fre-
quency of each roller coaster is unique due to human inability to per-
form each maneuver in exactly the same time. 
If the flutter oscillations are at frequencies higher than that 
of the roller coaster the flutter loads will appear on the load versus 
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load factor plots as deviations from a straight line such as those 
shown in exaggerated form in Figure 10. This figure shows amplitude 
versus sin ut for two superimposed oscillations. The larger amplitude 
oscillation at the lower frequency represents the variation of load versus 
load factor. The smaller amplitude oscillation, at higher frequencies, 
represents the flutter. The total amplitude may be expressed as 
f2 
Amplitude = A(sin u t + 0 .5 — s in u t ) 
11 
where A = amplitude due to the low frequency oscillation 
f
2 
j - = 1.5, 2.0, 2.5, 3.0, and 4.0. 
1 
As shown, the addition of the flutter load causes a variation 
of the load from a straight line, but does not change the slope. Hence, 
higher frequency oscillations have no effect on the slope of the net 
load versus load factor. The higher the superimposed frequency, the 
easier is the determination of the average slope. 
Power.--The effects of power on the wing loads appears as propeller 
loads applied through the nacelles and slipstream loads applied directly 
to the wing„ The best method for determining these effects is to per-
form one set of roller coasters with power for level flight and another 
set with all propellers on the instrumented wing feathered, the differ-
ence between the two sets of loads being the effect of power. 
This procedure cannot be used on the C-130B as no roller coasters 
were performed with propellers feathered. Also, the propeller loads are 
recorded by a bending bridge in each nacelle, hence cannot be obtained 
separate from the nacelle loads. 
31 
Figure 100 Higher Frequencies Superimposed on an Oscillation 
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The propeller and nacelle loads can be separated by calculating 
the propeller loads by the method described by Rumph, White and Grum-
man in Reference 13, and then subtracted from the total nacelle moment 
to give loads from the nacelle alone. 
The equation for the propeller normal force in Reference 13 is: 
n2 
z 1 b p 
where 
a = 1.32(0^+0.7°) (degrees) (13) 
R- = M CT + M B 
1 l T 2 
M = function of J and thrust distribution 
along r (radius of propeller) 
M = function of J and blade shape 
2 ^ 
B = number of blades per propeller . 






L4 2Sc VT(fps) 
where 
R = N Cn - N B . 4 l P 2 
NH and N„ are functions of thrust distribution, l 2 ; 
blade shape and J. 
In the calculations of pitching moment due to pitching velocity 
in Reference 13 the pitching velocity and rate of change of angle of 
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attack appear to be considered equal. This is the only possible assump-
tion as the corrections for the wind tunnel tests used are not avail-
able. 
CHAPTER III 
DISCUSSION OF RESULTS 
Angle of Attack.—An examination of the typical load versus load factor 
plots, Figures 11 through 18, shows that the load varies nearly linearly 
with load factor, hence with angle of attack, within the scatter band. 
Thus one of the assumptions of the slope-intercept method of analysis is 
verifiedo 
The plots of unit additional air load versus dynamic pressure, 
Figures 19, 20, and 21, show that the lift curve slope increases with 
speedo 
If the variation of load is nonlinear with respect to load factor 
the slope-intercept method may still be used. In this case the curva-
ture of the load versus load factor must be determined first. The in-
ertia, which is linear versus load factor, is subtracted from the net 
load5 leaving the same curvature as before, but a different initial 
slope0 Details of handling the data may be different, but the valid-
ity of the method is not affected. 
Speed;--The effect of speed appears principally in the zero-g air loads, 
Figures 22, 23, and 24. The loads increase linearly with dynamic pres-
sure up to approximately 200 psf (V - 242 knots, M = 0.44) where the 
slope of the bending moment curve begins to fall off. The shear is 
linear versus dynamic pressure up to approximately 300 psf (V = 297 
knots, M = 0„54). These changes show that flexibility can have 
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noticeable effects even on straight wings. The slope of the torsion 
curve,Figure 24, is nearly constant versus speed, indicating that it 
is caused mostly by C m . The linearity of these loads at low speeds 
o 
shows they may be extrapolated to zero airspeed without significant 
errors. 
Since the fuselage angle of attack at zero-g does not vary with 
Mach number (stated in Reference 10) the variation of the wing tip angle 
of attack at zero-g with dynamic pressure, Figure 25, is a good indicator 
of the magnitude of wing twist with speedo Figure 25 verifies the wing 
twist suggested by the variation of the wing loads at zero-g with speed. 
The static aeroelastic effect noted above may become significant 
in determining the variation of the zero-g air load versus dynamic pres-
sure at low speeds for highly flexible wings, particularly at high alti-
tudes where the minimum practical speed for a roller coaster may be as 
high as 0.6 Mach. In such cases it is desirable to have a curve of 
zero-g air load versus dynamic pressure calculated for a flexible wing 
and based on wind tunnel data. This curve can serve as an aid in extra-
polating the test data to zero airspeed,, 
Rate of Change of Angle of Attack.--While the rate of change of angle 
of attack (a) is not directly available, average values are developed 
from unpublished readings of time and angle of attack and presented in 
Table 10 This table shows the values of a to be lowest at high speed 
and greatest at low speed. It also shows the difference in d between 
the increasing-g and the decreasing-g parts of the pull-out phase is 
greater than between corresponding parts of the push-down phase of the 
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roller coaster. In plain language, the recovery from the pull-out is 
more abrupt than the recovery from the push-down. 
Examination of the plots of shear and bending moment versus 
load factor, Figures 11 through 14, shows that no spread exists be-
tween the increasing-g and decreasing-g points,* therefore these loads 
are not affected by a. The pull-out portion of the wing torsion, 
Figures 15 and 16, shows a spread of 200,000 inch pounds at the lowest 
speed where both a and the spread are maximum. Since neither shear 
nor moment is affected it appears likely that the torsional spread is 
caused by changes within the boundary layer, 
The spread between the decreasing-g and the increasing-g points 
in the push-down is a maximum in Figure 18 for nacelle bending moment 
(30,000 inch pounds) and in Figures 15 and 1.6 for wing torsion (250,000 
inch pounds). Since the spread in the wing torsion values is eight 
times the spread in the nacelle bending moment and does not always occur 
at the same time it appears that the nacelle plus propeller load has 
little effect on the wing torsion. The cause of this spread in the push-
down is unexplained. 
Pitching Acceleration.--The lack of spread between the increasing-g and 
the decreasing-g nacelle bending moments in the pull-out part of the 
roller coasters indicates that the pitching acceleration has no effect. 
Flutter.--Flutter loads appear as small amplitude, relatively high fre-
quency oscillations superimposed on the low frequency oscillations of 
the roller coasters. The fairing of the data removes any effect of the 
flutter loads from the zero-g and the unit additional air loads. 
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Power:--The significant propeller load calculated by the method of 
Reference 13 is the vertical load due to angle of attack, as shown in 
Table 2„ This table also shows that the principal variables in this 
load are speed, as it affects J and q, the number of propeller blades, 
and the angle of attack. Of lesser importance is the shape of the blade, 
noted by I, II, and III in Reference 13. The shapes represented by these 
numbers are not given. The effect of thrust distribution along the blade 
was considered and found to be negligible for this airplane. The effect 
of Cj is small on this propeller. It would be larger on a three- or 
two-bladed propeller, since the effect varies .inversely with the number 
of bladeso 
The contribution of the pitching moment due to cc is less than 
one per cent of the calculated load, as shown in Table 2. Since this is 
below the accuracy of the test data, this item is considered negligible 
and is omitted from future calculations.. 
The test values of nacelle bending moment for zero-g air load, 
presented in Figure 26, were extrapolated to zero airspeed, approximating 
the variation versus dynamic pressure of the loads calculated by the 
method of Reference 13 and shown on the same figure. The points at dy-
namic pressures of 158 and 226 pounts per square foot appear incon-
sistent with the remaining runs and are omitted as questionable data. 
The test loads increase positively with dynamic pressure where the cal-
culated loads due to the propeller are negative. This shows that the 
air load on the nacelle is positive and is larger than the load due to 
the propeller0 
38 
The test values of unit additional air load on the nacelle, in 
Figure 27, are three to four times the calculated propeller load, indi-
cating a large up air load on the nacelle. 
The loads on the wing from the propeller-plus-nacelle loads have 
been calculated and the corrected loads added to the zero-g air load 
plots, Figures 22 through 24, and to the unit additional air load plots, 
Figures 19 through 21. 
These figures show that the propeller-plus-nacelle loads are not 
over ten per cent of the zero-g air load shear on the wing. The moment 
is 500,000 inch pounds at high speeds, about four per cent of the total 
variation of the moment in the roller coasters. These loads have no 
significant effect on the shape of the curve or the extrapolated value 
at zero airspeed. The propeller-plus-nacelle loads may be ignored ex-
cept when test loads are compared to wind tunnel propeller-off values 
of the zero-g air load. 
The test values of the unit additional air loads on the wing 
corrected for propeller-plus-nacelle loads form smooth curves versus 
dynamic pressure with little scatter. Correction for these loads re-
duces the wing loads significantly, particularly the unit additional 
air load shear. This correction shifts the center of pressure of the 
unit additional air load outboard and aft, the aft shift being larger, 
as shown in Figure 28. 
Test data should be corrected for propeller-plus-nacelle loads 
before being compared with loads based on power-off wind tunnel dataj 
however these data need not be corrected for comparison of test and 
analytical total wing loads. 
CHAPTER IV 
CONCLUSIONS AND RECOMMENDATIONS 
This investigation shows that: 
lo The zero-g air load is sufficiently linear with dynamic pres-
sure at low speeds to be extrapolated to zero airspeed with acceptable 
accuracy. 
2. The propeller-plus-nacelle air loads have no effect on the 
extrapolation of zero-g air load to zero airspeed. 
3o The propeller-plus-nacelle air load is a significant part 
of the unit additional air load (seven per cent of the shear), but not 
of the zero-g air load. 
4. The effects of the flutter and rate of change of angle of 
attack are eliminated by averaging the increasing-g and decreasing-g 
data points. 
5. Insufficient data are available to measure pitching accel-
eration, change in velocity during the maneuver, or propeller loads 
separate from nacelle loads. This investigation and unpublished work 
indicate the first two items have no effect on Lockheed C-130B. Pro-
peller loads are calculated from wind tunnel data. 
It is therefore concluded that the slope-intercept method as 
previously applied accounts for all variables that have significant 
effects on the total load. It can be applied to determine the dis-
tribution of load between the wing and attached power plants provided 
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sufficient data are available. The method has been used with some suc-
cess on swept and straight wings, and on both subsonic and supersonic 
airplanes. 
It is recommended that instrumentation be provided for the 
measurement of the airplane angle of attack, pitching acceleration, 
airspeed without lag, wing twist angles, and power effects independent 
of nacelle or other loads. The test program should include maneuvers 
at different weights, centers of gravity, and altitudes to provide data 
for the evaluation of these effects. Roller coasters should be per-
formed with no power (and propellers feathered) applied by engines at-
tached to the instrumented wing. The data should be investigated as 
done in this paper to determine the peculiarities of each type of air-
plane tested. 
These conclusions and recommendations are those of the writer 
and are not necessarily those of the Lockheed-Georgia Company. 
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Figure 12, Shear at Wing Station 95 Versus Load Factor at a 
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Figure 13. Bending Moment at Wing Station 95 Versus Load Factor 
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Figure 15. Torsion at Wing Station 95 Versus Load Factor at a 
Dynamic Pressure of 387 Pounds per Square Foot 
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Figure 16. Torsion at Wing Station 95 Versus Load Factor at a 
Dynamic Pressure of 69 Pounds per Square Foot 
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Figure 17. Nacelle Bending Moment Versus Load Factor at a 
Dynamic Pressure of 387 Pounds per Square Foot 
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Figure 18. Nacelle Bending Moment Versus Load Factor of a 
Dynamic Pressure of 69 Pounds per Square Foot 
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Figure 19. Wing Unit Additional Air Load Shear at 
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Figure 20o Wing Unit Additional Air Load Bending Moment 





© Test Data 





100 200 300 
Dynamic Pressure — psf 
400 
Figure 2l0 Wing 
Wing 
Unit Additional Air Load Torsion at 
Station 95 Versus Dynamic Pressure 
55 
0 r-
0 Test Data 
EI Nacelle Loads Removed 
0 100 200 300 
Dynamic Pressure ~ psf 
400 
Figure 22„ Wing Zero-g Air Load Shear at Wing 
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Figure 23. Wing Zero-g Air Load Bending Moment at Wing 
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Figure 24. Wing Zero-g Air Load Torsion at Wing 
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Figure 25. Wing Tip Angle of Attack at Zero Load 
Factor Versus Dynamic Pressure 
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Figure 26. Nacelle Zero-g Air Load Bending Moment 
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Figure 280 Center of Pressure-of the Unit Additional 
Air Load Outboard of Wing Station 95 at a 
Dynamic Pressure of 387 Pounds per Square 
Foot 
APPENDIX I I 
CALCULATIONS 
























1 334 n 
r 
0.93 .' 0.16 1.64 1.23 












2 387 n 1.08 0.16 1.65 1.30 












3 293 n 1.00 0.07 1.62 1.17 












4 226 n 0.96 0.03 1.90 1.17 
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Table 1 - continued 
Run 
Dynamic 
P r e s s u r e 
- PSF 
I t e m U n i t s 
St 
Ma 
a r t of 
n u e v e r 
A 










Max. t o 
End 
End of 
R o l l e r 
C o a s t e r 
5 158 n 0 . 9 9 - 0 . 1 0 1.94 0 . 9 8 
a Deg. - 0 . 3 - 4 . 2 - 4 . 5 8 . 7 4 . 2 - 4 . 5 - 0 . 3 
t 
Aa/At 
S e c . 
D e g . / S e c „ 
0 3 . 0 
- 1 . 4 0 
3 . 0 3 . 9 
2 . 2 3 
6 .9 1.7 
- 2 . 6 4 
8 . 6 
6 114 n 1.00 0 1.91 1.08 
a Deg. 2 . 4 - 6 . 2 - 3 . 8 1 1 . 8 8 . 0 - 5 . 6 2 . 4 
t 
Aa/At 
S e c . 
D e g . / S e c . 
0 2 . 8 
- 2 . 2 2 
2.8->3.1 4 . 0 
2 . 9 5 
7 . 1 1.5 
- 3 . 7 4 
8 . 6 
7 69 n 1.00 0 . 1 2 1.86 1.00 
a Deg. 3 . 8 - 6 . 9 - 3 . 1 1 7 . 3 1 4 . 2 - 8 . 3 5 .9 
t 
Aa/At 
S e c . 
Deg./Sec<, 
0 2 . 2 
- 3 . 1 4 
2.2-»2.7 5 . 2 
3 . 3 3 
7 . 9 2 . 2 
- 3 . 7 7 




Calculation of Constants for Table 2 
J nD 
n = 17,08 rps 
D = 13.5 ft. 
v = 6080 = 
Vfps 3600 i e D O V VKTS 
lo689 V (KTS) 
J = 17.08x13.5 = 0.00735 VT(KTS) 
Propeller Shaft Horsepower 
cup _ Torque (in. lb.) x Shaft Radians/Sec. _ ^ 
12 x 550 
T 13,820 0 
= 20 _ 6Q 
12 x 550 °U 
= 0.219 T - 60 (HP) 
Torque is measured on the engine shaf^ where the speed is 13,820 rpm, 
Arbitrary loss in reduction gears = 60 HP. 
_ SHP x.550 _ SHP x 550 _ „ SHP 
P ~ ^ 7 ^ " „ • 0.002378 x (J2£&)8(13.5)«>
 = ' 
F p = CT pQa n
2D4 = 0.002378 x ( 1 7 . 0 8 ) 2 ( 1 3 . 5 ) 4 oCT = 22,799 aCT 
F p ( l b . ) x VT(FPS) F p x 1.689 VT(K.TS) F p ( l b . ) x VT(KTS) 
THP = 550 ~ 550" = 325 
V2 
= £ V 2 = ^Q2378 ( ) 2 = JKTS 
q 2
 VFPS 2 U . O B V v ; 2 9 5 
i \ lo 
66 
Propeller Normal Force per Radian 
P
Z °z D 2 
= 182 Riq 
where D = 13„5 ft„, D2 ~ 182 
P 
Nacelle Load from — : 
a 
MY Pz 
-MC -, 120- t 
= 21,840 R ^ (in„ lb./Rad.) 
where moment arm from propeller axis to average nacelle strain gage 
station - 120 in. 
Proller Pitching Moment per Radian per Second 
Mv C 
-*"' = T q Sc 
R4D
4 • q S" x 12 
2 Sc VT(fps) 
D = 1305 
R4D
4 q x 12 
D4 = 33,250 
33.250 R q x 12 
4 
= o i « n M r, + ^ ' 1 Knot = l-689 fps 2 x 1.689 VT(knotsJ ^ 
R4q 
= 118,200 rr-r- --T- (in. lb. sec.) 
' V-Cknots) FP 
p V^D2 
1 2 3 
Table 2o Ca lcu la t ion 
4 5 6 7 
of P r o p e l l e r Parameters 
8 9 10 11 12 1 3 1 4 
Run Engine Torque A l t . FAT a^ Ve T
 P r ° P * rn 
VT J sHP °P 
cT Fp THP 
i n . l b . 
-Test Data-
Deg.C Ref.14 Test 
Data 
.Kts .00737 ® .219 .105 © 
©*/© ©"60 & 
Test 
Data 

















































314 396 2.91 3,422 .571 
314 396 2.91 3,324 .554 
338 410 3.02 3,718 .573 
338 410 3.02 3,707 .572 
294 356 2.62 2,502 .385 
294 356 2.62 2,458 .378 
258 309 2.27 3,050 .460 
258 309 2.27 3,083 .465 
216 261 1.92 1,473 .227 
216 261 1.92 1,451 .223 
183 222 1.63 849 .131 
183 222 1.63 816 .126 
143 172 1.26 531 .080 
































*Numbers in circles refer to column numbers Continued next page 
Table 2 (Continued) 
1 2 15 16 17 18 19 2Q 2_ 22 23 24 25 
Run E n g i n e M± M2 N± N2 R± R^ q P z / a
 M500/a MY' e Tc 
from Pz/a Prop. 
-—Reference 13 © x © @ x © p i F lb0/rad. in.lb. x 10
5 in.lb/radQ .002747 
+ 4 x © - 4 x © ©*/295 182 @ @ ^ g
d ' ^ g © / ® 
_____ . *©/©  
1 3 .072 O072 .0066 
4 ,072 .072 .0066 
2 3 .072 .073 .0055 
4 .072 ,073 .0055 
3 3 .082 .069 .0080 
4 O082 c069 .0080 
4 3 .100 O0645 .0115 
4 olOO .0645 .0115 
5 3 .117 o0595 ,0150 
4 .117 .0595 .0150 
6 3 .124 .0535 .019 
4 .124 60535 .019 
7 3 .15 .046 .026 
4 .15 e046 .026 
.013 .310 -.0482 334 
o013 .309 -.0484 334 
.0135 c304 -.0508 387 
.0135 .304 -.0509 387 
.0102 0287 -.0377 293 
,0102 .287 -o0378 293 
.008 c276 -.027 226 
c008 B276 -.027 226 
.007 .250 -.025 158 
0007 .250 -.025 158 
.006 .222 -.022 114 
.006 .221 -.022 114 
.005 .190 -.018 69 
0005 .190 -.018 69 
18,800 2 , 2 6 -4810 .0204 
18,780 2 . 2 5 -4820 c0198 
21,400 2 . 5 7 -5660 .0183 
21,400 2 . 5 7 -5670 .0182 
15,300 1.836 -2790 .0193 
15.300 _ j _ _ 1,836 -2790 = 0190 
1 1 , 3 3 0 1.36 -2390 .0340 
11 ,330 1 0 36 -2390 O0356 
7 , 2 0 0 c864 -1790 .0282 
7 , 2 0 0 , 8 6 4 -1790 .0276 
4 , 6 0 0 .552 -1340 .0236 
4 , 6 0 0 .552 -1340 .0224 
2 , 3 9 0 .287 - 855 .0272 
2 , 3 9 0 .287 - 855 O0272 
.002747 = l/(2D8) = l/(2 x 182) 
Table 30 Calculation of Angles and Rates 





ĉc A Avg.d/g . / . ... v/An 
A n " 1 Deg^ecVg M / ^ Rad/Ssc/g 
e D e 9 / / 
Sec . /g 
Kts Ps f Lbo .00573 Deg. Table 1 De£„x 106 1 9 . 0 7 / 0 
© / 0 - 0 9 6 L b 0 © / @ 
57.3 © 
+ © 
1 396 334 99,400 0.170 lo75 - l o l 4 1.76 ,0482 4.52 
2 410 387 99,300 0,147 1.51 -0o77 1.52 .0465 4.18 
3 356 293 98,950 0.193 1.99 -0 .68 2,01 .0536 5.08 
4 309 226 98,800 0.251 2.60 -1 .18 2.63 .0617 6.17 
5 261 158 98,750 O0358 3.70 -1 .40 3.75 .0731 7.94 
6 222 114 98,700 0.496 5.15 -2 .22 5.22 .0860 10.15 
7 172 69 98,600 0 .82 8.45 -3 .14 8.58 .1110 14.94 
.000573 = l / l 745 - l /S 19.07 = 32o2/l„689 -* Conversion Factor FPS to Knots 
' ' w ' 
o 
vO 
1 2 3 
Table 4 . P rope l l e r and Nacel le 
4 S K 6 7 
Basic and Unit Add: 
8 9 
i t i o n a l A: 
m 
i r Load 
i i 12 1 3 





P /nW J^/nW Test Values MY M /nW 
n=o Y 
Lb./Rad. In . Lbo D , i n 6 I n . L b / Radc/ lCryRado R a d - x 1 0 Rad/Sec. Sec. 
© a @ a 
n=o n=o 




























































































































































a = -3.00o= _o052 Rad, n=o 
